Modified Sleeve Anastomosis in Large Muscular Arteries of Sheep  by Peirovi, H. et al.
*Correspond
Research Cen
Lung Diseas
Darabad, Teh
E-mail address
1078–5884/00Modified Sleeve Anastomosis in Large Muscular Arteries
of Sheep
H. Peirovi, P. Farnia, A. Bahrami, Z. Mohsenifar, B.S. Kashani and J.-E. Ghanavi*Experimental Research Centre, National Institute of Tuberculosis and Lung Disease (NRITLD),
Shaheed Beheshti University of Medical Sciences and Health Services, Tehran, IranObjective. The purpose of this investigation was to test a modified telescopic anastomosis in large muscular arteries.
Material and methods. The right carotid arteries in 30 sheep (average weight 57G5.7 kg) were transected and
anastomosed end to end using two guided sutures and compared with a control group (10 sheeps) using two external sutures
(Lauritzen method).
Results. The mean time to complete the anastomosis (4.5 min) and hemostasis (4.3 min) in the experimental group was less
than the control group (17.3 min for anastomosis and 6.4 min for hemostasis) (P!0.05). In addition, the total amount of
blood loss during the modified anastomosis was significantly lower than Lauritzen method (3.8 versus 8 ml). In both
experimental and control groups the scanning electron microscopy (SEM) at 90th day post-operation revealed a continuous
smooth layer of endothelial cells covering the anastomotic junction.
Conclusions. Anastomosis with two guided sutures is easy and faster to perform and could be applicable to an acutely
transected vessel.Keywords: Sleeve anastomosis; Sheep; Carotid arteries.Introduction
The telescoping (sleeve) anastomosis with external
stitches was established by Lauritzen and colleagues
by reconnecting the adventitia of the feeding vessel
(proximal vessel stump) to the edge of the receiving
vessel (distal vessel stump) in femoral arteries of rats.1
The procedure was developed by using guiding loops
and fibrin glue.2,3 However, in large arteries high blood
flow is associatedwithanastomosis seperation requiring
additional sutures.4–6 This approach increases the risk of
vasculardamageandstenosis.7,8 Therefore,wedesigned
a new technical procedure using two guided loops for
improving the insertion as well as fixation of vessel
walls. In this study, by using two guided sutures the
fixation of the proximal part inside the lumen of the
distal part with similar internal diameters (more than
5 mm) in 30 carotid arteries of sheepwere assessed. The
study assessed the effectiveness of telescopic anastomo-
sis in regards to patency rate and histopathology froming author. Dr Jalal-eddin Ghanavi, MD, Experimental
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0381+ 05 $35.00/0 q 2005 Elsevier Ltd. All rights reserstarting till 90 days after its completion. The overall time
to complete the procedure was recorded and compared
with Lauritzen method.Materials and Methods
In this study 42 sheep (average weight 57G5.7 kg)
were sedated with intramuscular xylazine (0.2 mg/kg)
and ketamine (10 mg/kg) and then anesthetized with
halothane inhalation. The right carotid artery was
dissected (approximately, 8 cm) from surrounding
tissue and after heparinization non-traumatic clamps
were applied to its proximal and distal part. There-
after, the mid portion was transected.Anastomosis Procedures
Experimental groups
Before suturing, the luminal side of dissected distal
and proximal part of the artery was widened with a
probe and rinsed with physiological saline to clean of
blood. The procedure was started by using two sets ofEur J Vasc Endovasc Surg 30, 381–385 (2005)
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Fig. 1. (a)–(c) Initial suture was introduced in proximal part
of artery and passed out 1 mm from edge of the wall in
lateral side with its full thickness. This needle with second
one were placed inside the lumens of distal artery.
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needles at its both ends. An initial suture was
introduced in the proximal part of the artery and
passed out 1 mm from edge of the wall on lateral side
passing through the full thickness of the vessel
(Fig. 1(a)). This needle along with its second one
was picked up with a pin holder (Fig. 1(b)) and
together was placed inside the lumen of the distal
artery (exactly in front of the proximal part) (Fig. 1(c)).
Then the needles were brought out from lateral side of
distal stump at a distance equal to 1.2–1.5 times the
artery diameter (Fig. 2(d)). The same procedure was
repeated 1808 from the previous suture. The U-shaped
suture in each sides of the artery was very carefully
pulled out (Fig. 2(e)), so that the proximal part was
inserted into the distal stump and the sutures were
tied (Fig. 2(f)). At the time of pulling, no folding or
wrinkling occurred.Control group
The procedure was performed as described by
Lauritzen in 1978.1Fig. 2. (d)–(f) The monofilament suture in each lateral and
middle side of the artery very carefully were pulled out, so
that the proximal side was inserted into distal part and the
sutures were tied. No folding or wrinkling occurred.
Eur J Vasc Endovasc Surg Vol 30, October 2005Briefly, the end of the proximal vessel was picked
with a non-traumatic forceps. Then, the first suture
was placed on the side of the vessel facing the surgeon,
including a small portion of the adventitia and media
without entering the lumen. The distal vessel was
picked up close to the end and a full thickness bite was
taken passing the needle from inside and out. The
suture was left untied until the second suture has been
placed. The second suture was placed in the same way
but on the opposite side of the vessel. The two sutures
were then tied, joining the side of the proximal vessel
to the end of the distal vessel.Histology
Light microscopy
On the 3rd, 7th, and 90 days after anastomosis, the
specimens were sectioned lengthwise with a sliding
microtome producing 5 mm thick, cross sections. Then
hematoxylin and eosin stains were performed. In both
experimental and control groups, the intimal and
muscularis healing, and inflammatory response were
studied.
Scanning electron microscopy
After 90 days post-operation the specimens were
immersed directly in a fixative containing 2% para-
formaldehyde and 2.5% glutaraldehde in 0.1 N
cacodylate buffer (pH 7.4) with 5% sucrose for
20 min. This was followed by Karnovsky’s fixative9
containing 1% freshly prepared paraformaldehyde
and 1.25% purified glutaraldehyde in 0.1 N sodium
cacodylate buffer (pH 7.4) with 5% sucrose (final
osmolality: 750 osmoles). Then, the specimens were
opened lengthwise under a dissecting microscope and
examined with SEM.
Doppler ultrasonography
Doppler ultrasonography of carotid arteries was
performed after 21 and 90 days post-operation. The
lumen diameter before and after operation at the
anastomosis site were recorded.
Statistical analyses
The results of experiments were analyzed using
Mann–Whitney U-test.Results
In two sheep of the control group (Lauritzen method)
sliding of the anastomosis occurred. In one of them a
massive hematoma developed. These sheep were
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Table 1, the mean time to complete hemostasis and
the total amount of blood loss in the first 10 sheep were
similar in both groups (5.9 versus 6.1 min, 7.7 versus
8.6 ml, PO0.05). Although in the remaining sheep (nZ
20), the total amount of blood loss and the mean time
to complete hemostasis was reduced and its differ-
ences with control group was statistically significant
(P!0.05). For all experimental cases the time to
complete the anastomosis was lower (4.5 min) than
the control group (17.3 min) (P!0.05). The patency of
arterial grafts in both experimental and control groups
sacrificed after 3, 7, 21 and 90 days post-operation was
100% (Tables 1 and 2).Histological studies using light microscopy
Microscopic examination of proximal part of artery on
the 3rd day showed mild intimal hyperplasia. The
adventitial layer was thinner, with hemorrhage and
inflammation (Fig. 3). On 7th day, intimal hyperplasia
was more marked (Fig. 4). By the 90th day post-Table 1. the table shows the different parameters at time of anastom
Patency (%) Sacrifices Lumen diameter
At point of
suture
Before
operation
100 At 3rd day NP NP
100 At 3rd day NP NP
100 At 7th days NP NP
100 At 3rd day NP NP
100 At 21th days 30!27 46!43
100 At 7th days 335!33 56!42
100 At 21th days 25!22 41!39
100 End of 90 days 37!33 41!40
100 At 7th days NP NP
100 End of 90 days 44!38 46!45
100 End of 90 days 32!31 41!40
100 End of 90 days 36!33 42!40
100 End of 90 days 36!35 43!40
100 End of 90 days 39!37 46!42
100 At 21 th days 27!24 44!41
100 End of 90 days 36!33 45!42
100 End of 90 days 41!38 46!43
100 End of 90 days 36!35 41!39
100 End of 90 days 37!32 42!40
100 End of 90 days 37!35 41!40
100 End of 90 days 40!38 45!43
100 End of 90 days 39!37 44!41
100 End of 90 days 40!38 46!43
100 End of 90 days 36!36 46!43
100 End of 90th day 35!33 42!40
100 End of 90 days 35!33 41!39
100 End of 90 days 35!33 41!39
100 End of 90 days 39!37 46!44
100 End of 90 days 39!37 45!42
100 End of 90 days 35!33 42!40operation, the lumen of the artery was comparable to
the normal vessel but themedia had evidence offibrosis.Scanning electron microscopy (SEM)
SEM performed on specimens removed on 90th post-
operative day revealed a continuous smooth layer of
endothelial cells covering the anastomotic junction
(Fig. 5). The adventitia, media and initima were
reformed like a normal vessel (Fig. 6).Doppler ultrasound
Doppler ultrasound study of the right carotid on day
21, showed normal flow within the vessel (Fig. 7).
After 90 days, the Doppler ultrasound studies showed
the same observation with slight increase in thickness
of intima without any flap (Fig. 8).The flow at this site
is not turbulent. Overall, the mean lumen diameter
before operation was 43.8!41.2 in the experimental
group which was reduced to 27.3!24.3 and 37.3!35.5osis for each sheep in experimental group
Amount of
blood loss
(ml)
Time to
complete
hemostasis
(min)
Time to
complete
anastomosis
(min)
Sheep
9.00 6.50 7 1
9.00 6.50 6 2
9.00 5.50 7 3
6.00 5.50 6 4
6.00 5.50 7 5
9.00 6.5 0 5 6
9.00 6.50 7 7
9.00 6.50 5 8
5.50 5.00 5 9
5.50 5.00 6 10
2.50 3.50 4 11
1.50 4.50 4 12
1.50 4.50 4 13
1.00 4.50 4 14
1.00 3.50 5 15
2.50 3.00 3 16
1.50 3.50 3 17
1.00 3.50 4 18
1.00 3.50 4 19
1.00 3.50 3 20
1.00 3.50 4 21
1.00 3.50 4 22
1.00 3.50 3 23
1.00 3.50 4 24
1.00 3.50 4 25
1.00 3.50 4 26
1.00 3.50 4 27
1.00 3.50 4 28
1.00 3.50 4 29
1.00 3.50 4 30
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Table 2. The table shows the different parameters at time of anastomosis for each sheep with Luritzen method
Patency
(%)
Sacrifices Lumen diameter Amount of
blood loss (ml)
Time to complete
hemostasis (min)
Time to complete
anastomosis
(min)
Sheep
At point of
suture
Before
operation
100 At 3rd day NP NP 9 6.5 18 1
100 At 21th days 21!20 mm2 44!40 mm2 9 6.5 18 2
100 End of 90 days 22!20 mm2 42!40 mm2 9 6.5 17 3
100 End of 90 days 40!38 mm2 46!42 mm2 9 6.5 16 4
100 At 7th days NP NP 8.5 6.5 17 5
100 End of 90 days 22!20 mm2 45!41 mm2 9 6.5 18 6
100 End of 90 days 39!37 mm2 45!43 mm2 7.50 6.5 16 7
100 End of 90 days 35!33 mm2 44!41 mm2 9 6.5 18 8
100 At 21th days 25!22 mm2 46!42 mm2 7.50 6.5 17 9
100 End of 90 days 36!34 mm2 43!40 mm2 9 6.5 18 10
Mean
NP, not performed.
Fig. 3. The endothelial cells with low degree of initima
hyperplasia was seen and its advantical layer was thinner,
with evidence of bleeding and inflammation. Whereas, in its
distal part no endothelial cell was seen. Bleeding and
inflammation was detected.
Fig. 4. After 7th day of anastomosis, in proximal artery the
hyperplasia of initima became more evident. While its
middle and adventitial layer were thin with small bleeding
in it.
Fig. 5. SEM After 90th days of post-operation revealed a
continuous smooth layer of endothelial cells covering the
anastomotic junction.
Fig. 6. A and B, the adventitia and outer part of muscular
layer in proximal segments with initima and inner part of
muscular layer in distal segments were reformed like normal
vessel.
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Fig. 7. Free-floating of proximal end was not seen in distal
part after 21 days of post-operation by modified anastomosis
techniques.
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operation. The mean lumen diameter in Lauritzen
method was reduced from 44.5!41.1 to 23!21 and
32.3!30.0, respectively, (Tables 1 and 2).Discussion
Since the first report of sleeve anastomosis by Lauritzen
in 1979, numerous surgical techniques have been
developed to simplify the procedures.2,3,10–12 Technical
variations include continuous or interrupted suturing,
fibrin glue application, laser welding with or without
use of tissue glues or combination of the above.10,11
The major concerns with any technique are aneurysm
formation, dehiscence, stenosis and sliding out of the
anastomosis site.13–15 To prevent the sliding out, Li J
and his co-workers introduced end to end sleeve
anastomosis by using a single stitch to fix the feeding
vessel inside the receiving vessel.7 However, this way
of suturing is time consuming, but in our procedure
(Figs. 1 and 2) the inserting and fixing is much more
simplified. Our technique relies on dilation of distal
lumen with proper probing and insertion of the
proximal vessel inside the distal vessel stump at
a distance equal to 1.2–1.5 fold the artery diameter.
As shown in Table 1, the mean time to complete
the anastomosis is much lower (6.1 min) than the
Lauritzen method (17.3 min) (P!0.05). The timeFig. 8. Free-floating of proximal end was not seen in distal
part after 90 days of post-operation by modified anastomosis
techniques.required to performed the arterial sleeve anastomosis
in our modification is significantly shorter than that
reported by others.1,11,13–15 Furthermore because of the
use of two internal sutures there was no sliding out
problem using our technique. The technique seems to
be applicable to an acutely transected vessel from
sharp trauma in an emergency operation state.Acknowledgements
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